Aim Colorectal cancer (CRC) is prevalent in the older population, and surgery is the mainstay of curative treatment. A preoperative geriatric assessment (GA) can identify frail older patients at risk for developing postoperative complications. In this randomized controlled trial we wanted to investigate whether tailored interventions based on a preoperative GA could reduce the frequency of postoperative complications in frail patients operated on for CRC.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide, and the fourth leading cause of cancer deaths [1, 2] . In Norway the median age at the time of diagnosis is 72 years, and 25% of patients are over 80 years old. Surgery remains the mainstay of curative treatment.
Older cancer patients often have comorbidities, loss of reserve capacity and functional disability. However, their degree and the rate at which these changes take place vary considerably between individuals, and may be expressed as the patient's degree of frailty. A frail patient is vulnerable to stressors such as surgery, and consequently has a higher risk of postoperative morbidity and mortality. In a previous study, we found that 79% of frail elderly patients experienced complications after CRC resection [3] . Other authors have found similar high rates of postoperative complications in this patient group [4, 5] .
The International Society for Geriatric Oncology (SIOG) recommends that a geriatric assessment (GA) should be performed in all cancer patients above 70 years of age as a basis for further individualized treatment [6] . GA has been found to predict postoperative complications [3] and chemotherapy toxicity [7] , to influence treatment decisions [8, 9] and to predict mortality [9, 10] . In the nononcology clinical geriatric setting, several randomized controlled trials (RCTs) and systematic reviews have found beneficial effects of GA on survival and functional status for in-hospital medical patients [11] . The effects of GA on a surgical population have been demonstrated by Prestmo et al., who showed that GA improved functional status in patients with hip fracture [12] . Only one RCT investigating preoperative GA in older cancer patients has been published, and it concluded that a geriatric liaison intervention for the prevention of postoperative delirium was not proven to be effective [13] . There is an urgent need for more trials [14] .
The aim of the current RCT of frail older patients was to investigate whether performing a preoperative GA with tailored interventions could reduce the frequency of postoperative complications after elective colon or rectal resection.
Method Study design and participants
This was a multi-centre, single-blinded RCT. Patients were included from two university hospitals in the Oslo region of Norway: Oslo University Hospital (Aker and Ullevaal clinics) and Akershus University Hospital. These public hospitals serve designated catchment areas. Patients were consecutively recruited from the preoperative outpatient clinics, but inclusion was randomly paused for short periods when the primary investigator was absent. Patients were eligible for inclusion if they were older than 65 years, fulfilled predefined criteria for frailty and were scheduled for resection of adenocarcinoma in the colon and/or rectum (Table 1) . For frailty screening, we used the Vulnerable Elders Survey (VES-13) [15] in combination with four clinical criteria. Patients were regarded as frail if they had any of the following: (1) VES-13 score > 2; (2) severe comorbidities, defined as heart failure or other symptomatic heart disease, chronic obstructive pulmonary disease (COPD) or reduced kidney function (glomerular filtration rate < 60); (3) cognitive impairment, defined as an established dementia diagnosis or suspected dementia; (4) polypharmacy (more than five daily systemic drugs); or (5) malnourishment, defined as BMI < 20 or weight loss > 5% during the previous 6 months. Exclusion criteria were emergency surgery or a patient unable to provide written consent. The study was approved by the Regional Committee for Medical and Health Research Ethics in South East Norway and registered in Clinicaltrials.gov (NTC01321658).
Randomization and blinding
Patients were randomized to either a preoperative GA followed by a tailored intervention or to care as usual. Randomization was done by a computer-generated block randomization with blocks of varying size unknown to the investigators. Stratification was performed for tumour type (rectum vs colon). It was not possible to blind the participants or the primary investigator, but follow-up and assessment of outcomes were performed by personnel who were blinded to group allocation.
Intervention
All patients in the intervention group underwent a preoperative GA followed by a tailored intervention based on the results of the GA. This was performed during one session, as soon as possible after the cancer diagnosis was confirmed and surgery was planned. Based on previous studies [11] , the optimal time from intervention to surgery was hypothesized to be around 3 weeks. The primary investigator, who is a medical doctor specializing in geriatric medicine, carried out the GA and interventions. The GA consisted of six domains and validated scoring tools were applied in each domain of the GA (Table 2) .
A full somatic work-up and blood tests for haematology, renal and liver function were also performed. Thereafter, we performed a pragmatic tailored intervention based on the results of the GA. Treatment of comorbidities was optimized in the following way: betablockers and anticoagulants were initiated for atrial fibrillation; statins and antiplatelet drugs were initiated for coronary disease; glycaemic control was optimized in diabetes mellitus; medications were adjusted in renal failure; and in patients with COPD we increased antiobstructive medication and referred them to postoperative chest physiotherapy. Patients with malnutrition were advised on increased caloric intake pre-and postoperatively and received prescriptions for nutritional drinks. Blood tests for vitamin D and iron were analysed if patients were malnourished, and supplementation prescribed when needed. Inappropriate medication, such as antihypertensive medication in patients with hypotension or nephrotoxic medication in patients with renal failure, was discontinued. The staff in the surgical wards were instructed on measures to avoid postoperative delirium [16, 17] , such as adequate pain management, optimization of cerebral blood flow (normotension, adequate hydration, transfusion if haemoglobin < 8 g/100 ml, maintaining saturation > 90%), access to hearing aids and eyeglasses, maintaining normal night/day rhythm, avoidance of unnecessary transfer of patients between wards. Relatives were informed and encouraged to visit as often as possible. Patients were encouraged to maintain physical activity such as daily walks adjusted to their abilities in the preoperative period.
The surgeon and anaesthetist planned the surgery and postoperative phase according to local routine and national guidelines [18] . The surgical team had access to the GA, but the geriatrician made no recommendations regarding choice of surgery, such as open vs laparoscopic procedures or colostomy vs primary anastomosis. The perioperative phase in both hospitals follows the major principles of the enhanced recovery after surgery (ERAS) model [19] , and the current study did not deviate from this 'care as usual'-model for either of the two groups.
Outcome measures
The primary outcome measure was the number of patients with Grade II-V postoperative complications according to the Clavien-Dindo classification [20, 21] , which grades postoperative complications from Grade I (least severe) to Grade V (postoperative death). All deviations from the normal postoperative phase are considered a complication, and the therapy needed to correct the complication is a cornerstone in the grading of severity. Accordingly, a complication treated pharmacologically is classified as Grade II, a complication that requires surgical, endoscopic or radiological intervention is classified as Grade III and life-threatening complications are classified as Grade IV. A study nurse blinded to group allocation registered complications prospectively for 30 days after surgery. The study nurse visited patients in hospital, consulted the nursing staff, went through the medical records and made phone calls to patients after discharge. The severity scoring of recorded complications was performed by the secondary investigator (S.R.), also blinded to group allocation. Secondary end-points were the number of patients with Grade I-V complications within 30 days, length of stay, reoperation within 30 days, readmission within 30 days and survival at 30 days and 3 months after surgery.
Statistical analysis
There were limited data in the literature to guide power calculations prior to the study, as the prevalence of frailty and postoperative complications varies greatly between studies [22] . In a previous study, we found that 76% of frail patients with CRC experienced a postoperative complication, and 62% experienced a complication of Grade II or above. Power calculations for this RCT were based on an expected reduction in postoperative complications of 20% due to the intervention. In order to reach a significance level of 5% and power of 80%, we estimated that a total of 172 patients were needed (86 patients in each group). The statistical analysis plan (SAP) was web-published prior to unblinding [23] . The primary analyses were done in a modified intention-to-treat analysis, excluding patients who were erroneously randomized and not fulfilling inclusion criteria. Sensitivity analyses including all patients were performed for the primary outcome, imputing missing values according to a worst case scenario. Patients who withdrew from the study more than 2 weeks after surgery were included in the analysis with the last observation carried forward. The outcome variables were analysed by the chisquare test, with randomization group as the explanatory variable. A two-sided P-value below 0.05 was set as the indicator of statistical significance. Continuous variables were analysed with the two-sample t-test if the distribution was deemed approximately normal. When there were obvious deviations from the assumption of normality, MannWhitney tests were applied. Variables with known or believed prognostic influence upon the outcome (age, TNM stage, VES-13 score and open surgery vs laparoscopy) were, as specified in the SAP, included in regression models one by one in addition to the randomization variable. If their introduction into the model changed the effect estimate for the randomization group by more than 10%, they were included in a final model. The secondary investigator performed the analyses before unmasking the group allocation.
Results

Patient characteristics
The inclusion period started in January 2011 and was planned to last until December 2012. Because fewer patients than expected were eligible for inclusion, the inclusion period was prolonged until June 2014. At that point, inclusion had to be terminated because of lack of further funding. Out of 264 patients who were assessed for eligibility, 122 were included and randomized. The remaining 142 patients were either not frail (n = 104), refused to participate (n = 12) or had their diagnoses or treatment plans changed and were not scheduled for surgery (n = 26) (see Fig. 1 ). Complete data were obtained on 52 patients in the intervention group and 62 patients in the control group, and partial data with the last observation carried forward on one additional patient in each group. Patient characteristics are given in Table 3 . The VES-13 score was somewhat higher and more patients had severe comorbidities in the intervention group than in the control group, whereas more patients had malnutrition in the control group.
Interventions
In 9 (17%) patients in the intervention group the GA did not reveal any problem area accessible for intervention. The remaining 44 (83%) patients went through a tailored intervention. In 30% of patients the GA revealed a new diagnosis, such as renal failure, cognitive impairment or orthostatic hypotension. The most common interventions are shown in Table 4 .
Postoperative complications
Twenty-one (18%) patients had no complications, whereas 95 (82%) patients experienced one or more complications. The majority (81%) of complications were Grade I (n = 33) and Grade II (n = 127) ( Tables 5-7) .
The primary outcome of Grade II-V postoperative complications occurred in 36 patients (68%) in the intervention group and 47 patients (75%) in the control group (P = 0.43). Grade I-V postoperative complications occurred in 40 (76%) patients in the intervention group compared with 55 (87%) patients in the control group (P = 0.10). The most common types of complications are listed in Table 6 , and the distribution of all patients' highest complication grade is in Table 5(b). Prognostic factors were unevenly distributed between the randomization groups, and we carried out logistic regression analyses with postoperative complications as the dependent variable and the randomization variable and other prognostic variables [age group, TNM-stage, VES-13 score and surgery (open vs laparoscopic procedure)] as covariates, as planned in the SAP. For the primary outcome variable of Grade II-V postoperative complications, the difference between randomization groups was still not significant after adjusting for these prognostic variables. For the secondary outcome of Grade I-V complications, the final model contained randomization group, VES-13 score and TNM stage, and demonstrated a statistically significant and independent effect of the geriatric intervention [odds ratio (OR) 0.33, 95% CI 0.11-0.95] ( Table 7) . Sensitivity analyses including all randomized patients and assuming the worst possible outcome for patients who withdrew from the study before intervention did not significantly change the result, with 44 (77%) patients randomized to the intervention group vs 57 (88%) patients in the control group experiencing Grade I-V complications (P = 0.13), and 40 (70%) patients vs 48 (74%) patients experiencing Grade II-V complications, respectively (P = 0.65).
Other secondary end-points
There were no statistically significant differences between the groups for the end-points median length of stay, discharge to own home, readmission, reoperation within 30 days or 30-day and 3-month mortality (Table 5a ).
Discussion
In this RCT, performance of a preoperative GA followed by tailored interventions in frail older patients with CRC did not reduce the number of Grade II-V postoperative complications, reoperations, length of stay, readmission or mortality. In secondary analyses, TNM 0  0  3  5  TNM I  12  23  7  11  TNM II  24  45  26  41  TNM III  15  28  20  32  TNM IV  2  4  7  11  Surgery  Open  31  59  28  44  Converted  5  9  8  13  Laparoscopy  17  32  27  43  Primary anastomosis  36  68  46  73 GA, geriatric assessment; BMI, body mass index; COPD, chronic obstructive pulmonary disease; VES-13, Vulnerable Elders Survey.
there was a statistically significant difference in favour of the intervention for reducing the total number of Grade I-V complications, due to fewer Grade I-II complications in the intervention group than in the control group. Because of the challenges in recruiting patients within the time frame of the project we only reached complete data on 114 patients and partial data on two patients, and our study may have been underpowered to detect a statistically significant difference between the two groups for the primary outcome measure of Grade II-V complications. Our results should thus be regarded as exploratory and subject to further research.
Few randomized trials have investigated the effect of a geriatric intervention in older patients operated on for cancer. Hempenius and colleagues studied the effect of a geriatric liaison service for frail elderly patients undergoing surgery for a variety of cancer diagnoses. The main outcome measure was postoperative delirium [13] . They did not find a significant effect of the intervention on the rate of postoperative delirium or overall complications, perhaps partly explained by the underpowering of the study. Thus, they experienced the same challenges as we did in recruiting patients and completing an interventional trial in a frail patient population [24] . The term prehabilitation is used to describe interventions in the time period before surgery. Gillis and colleagues performed an RCT on prehabilitation of patients with CRC in 2014 [25] . The mean age of included patients was 66 years. Their intervention, consisting of exercise, nutrition and coping strategies for anxiety, had a positive effect on walking capacity, and more patients in the prehabilitation group returned to baseline exercise capacity at 8 weeks after surgery. However, there was no reduction in postoperative complications. Frailty was not addressed in that study, and there was no optimization of comorbidities and medication or delirium prevention. It is possible that patientcentred interventions in the perioperative period have minor effects on standard end-points such as postoperative complications, but could affect other important patient-reported outcome measures such as functional status, health-related quality of life and independence. Such end-points were not addressed in our study, but would be of interest for future research.
Geriatric assessment and intervention have been shown to be efficient in other settings [11, 12] . Several limitations to our study may explain the lack of effect. We did not have access to a multi-professional team including a physiotherapist and occupational therapist, and the intervention was suboptimal in improving preoperative physical function. It was challenging to ensure compliance with the intervention as it was based on a geriatric liaison service for patients in a surgical outpatient clinic. This is in line with previous research on geriatric assessment in the nononcology setting, which has demonstrated effects only in in-hospital patients in geriatric wards [11] . So far, a geriatric liaison service has not been proved to be effective [13, 26] . Further, the time available for the intervention was planned to be around 3 weeks preoperatively. However, when the study was initiated, a political decision to reduce waiting time for cancer patients was effectuated, and the time available for preoperative optimization was reduced to a median of 6 days. For future studies, targeting patients with rectal cancer may be a better option. In rectal cancer the postoperative morbidity is higher [3] , and due to neoadjuvant therapy the time frame from diagnosis until surgery is usually longer. Finally, as patients in both the control group and the intervention group were included from the same wards, treatment contamination in the control group is likely due to increased awareness among the staff of measures to optimize patients preoperatively.
The importance of optimizing the perioperative period for patients undergoing surgery for CRC has been consistently demonstrated through the ERAS programme [27, 28] . ERAS was shown to reduce the incidence of postoperative delirium and other complications in older patients with CRC [29] . As ERAS is more or less implemented in the hospitals in our study, we can assume that the perioperative period is already optimized from a surgical point of view. Geriatric interventions, however, are guided towards the patient and not the surgical procedure, and our results indicate that such interventions have minor effects on the occurrence of surgical complications. Furthermore, the methods used to determine outcomes may play a role. In the Clavien-Dindo classification system, surgical complications are generally rated as more severe because Grade III-IV complications are defined as complications requiring surgical intervention or transfer to the intensive care unit. Such complications may be more difficult to prevent by geriatric patientcentred interventions than medical complications, which are generally graded lower. Our data indicate this, because the rates of less severe complications were lower in the intervention group.
The high rates of complications in both groups in our study warrant discussion. The numbers are higher than what is normally reported for CRC surgery, where a recent meta-analysis found complication rates of 35% in patients operated on laparascopically and 47% in patients after open resection [30] . In frail older patients, however, the complication rates are higher, and previous studies have found complication rates of 48-76% [3] [4] [5] 31] . The method used for recording complications has also been demonstrated to influence complication rates: prospective registrations including the period after discharge, such as in our study, reveal more complications than strict in-hospital registrations or retrospective database analyses [32] . Even if the number of complications was high, mortality after 3 months was relatively low at 6%.
Conclusion
A preoperative GA followed by tailored interventions did not reduce the rate of Grade II-V complications, reoperations, readmission or mortality in frail older patients electively operated on for CRC. However, the intervention group experienced fewer less severe complications, which were mostly medical. Further evidence from larger RCTs is needed to confirm this observation and to guide the selection of patients to a preoperative geriatric intervention.
